The frontal bone develops as two halves, which further unite in a single bone by the closure of the mid-sagittal metopic suture, typically by the end of the first postnatal year. The frontal sinus begins to expand into the orbital and vertical plates of the frontal bone postnatally and reaches the level of the nasion by the fourth year of age. At this time, the metopic suture is usually entirely closed. However, in the cases of failed closure of the metopic suture, its relationship to the frontal sinus development is still obscure. Here, we review the relevant literature and discuss the frontal bone development and maturation, from the viewpoint of the frontal sinus pneumatization in relation to the metopic craniosynostosis and failed closure of the metopic suture. The peculiar to the metopic skulls frontal bone configuration is rather an expression of the underlying neural mass demands than a consequence of the metopic suture persistence. Furthermore, the persistent metopic suture is frequently associated with a frontal sinus underdevelopment. It seems that the metopic suture does not inhibit the frontal sinus pneumatization itself, but rather both traits are an expression or an aftereffect of a certain condition during the early development.
Introduction
The different partitions and layers of the frontal bone develop and maturate simultaneously, but independently from one another in accordance with the functional demands of the related soft tissues/cavities [1] . It has been observed that in cases of persistent metopic suture (MS), the frontal sinus (FS) develops separately on either side of the suture, as well as the MS precludes the likelihood of development of the sinus beyond the median plane [2] [3] [4] . Nevertheless, the supposed influence of metopism on the FS development has not been synonymous. Some authors did not find a significant correlation between metopism and the underdevelopment of the FS [5] [6] [7] [8] , which leads to the assertion that the association of these variations is rather random. Other studies, however, revealed a tendency of MS persistence to be significantly related to the FS underdevelopment, including both FS aplasia and hypoplasia [4, [9] [10] [11] [12] [13] [14] . Both the MS persistence and FS underdevelopment are not exceptional variations, but the correlation between them is intricate.
There are many congenital disorders characterized by an underdevelopment of the nasomaxillary complex accompanied with diminished pneumatization of the FS such as Hajdu-Cheney syndrome, Down syndrome (DS), cleidocranial dysostosis and pyknodysostosis [11] , which also feature a preservation of the MS [15] [16] [17] . In healthy adults, this correlation is still misunderstood. An adequate assessment of the relation between the frontal sinus development and metopic suture persistence requires a precise study of the events during their formation, development and maturation. In this study, we review the extant literature and discuss the frontal bone development and maturation, from the viewpoint of the frontal sinus pneumatization in relation to the metopic craniosynostosis and failed closure of the metopic suture. We aimed to reveal the possible underlying factors causing a delayed MS closure along with FS underdevelopment.
Frontal bone as a functional unit
The functional matrix concept of Moss [1, 18] considers the adult human frontal bone as a single morphological structure, which by no means is a single functional unit. In fact, the form of the frontal bone accurately reflects the functional demands of the protected and supported soft tissues/cavities. Furthermore, each of the three bone layers is functionally independent and responds to different functional demands. The inner table of the frontal bone is function-irregularly shaped cavities separated from each other by a thin septum commonly deviated from the mid-sagittal plane. Usually, the FS lobes extend vertically upwards into the frontal bone squama, but could also expand horizontally backwards between the two tables of the orbital plate [21] and sometimes into the crista galli of the ethmoid bone [11] . Not infrequently, the FS does not invade far into the vertical portion, but grows extensively into the horizontal one and forms large air spaces over the orbits [2] . In cases of the so-called ethmofrontal, orbital or infantile FS [2] , it adheres closely to the ethmoidal labyrinth and extends only into the horizontal portion of the frontal bone. In rare cases, the pneumatization could be so profuse to extend beyond the frontal bone into the lesser and greater wings of the sphenoid, the parietal, the temporal, the nasal bone and even into the frontal process of the maxilla [11] . Furthermore, many other variations such as single midline sinus, due to a lack of septum, or supernumerary septa forming additional chambers in a variable pattern, have been reported [2, 11, 22] .
Unlike the other sinuses, the FS is practically absent at birth. It could be recognized during the fourth fetal month as diverticula from the lateral nasal wall following the development of the frontal recess. The FS may also arise from the laterally placed anterior ethmoidal cells, the anterior part of the frontal recess or from the frontal furrow [23] , but does not pneumatize the frontal bone until the postnatal period. The pneumatization begins in the horizontal (orbital) plate during the first year of life, whereas the pneumatization of the vertical plate commences during the latter half of the second postnatal year and progresses slowly to reach the level of the nasion by the fourth year of age [11] . Both lobes of the FS develop independently, and therefore they are often highly asymmetrical due to more rapid pneumatization on one side at the expense of the other [21] . The main period of enlargement coincides with the pubertal growth spurt, but may go on increasing into the fourth decade of life [24] .
From the viewpoint of the functional matrix concept, the FS develops through resorption of the diploë, which is housed between the two functionally independent bone tables. The internal table is the intrinsic part of the cerebral capsule, since its periosteum is the outer layer of the dura and is functionally related to the configuration of the frontal lobes. The outer table is related with the increasing demands of the scalp tissues, calvarial muscles [1] and nasomaxillary facial complex [11] . During the first few years of life, the inner table drifts anteriorly in response to the growing frontal lobes. Since there is no significant diploë at this time, the inner table carries the contiguous outer table along with it. After the frontal lobes have undergone their major development at the age of 6-7 years, growing of the inner table ceases and adopts the general shape of the brain. However, the functionally independent outer table continues to drift anteriorly in response to the stimulus of the growing nasomaxillary facial complex, which during puberty is intensively remodeled and displaced more anteriorly and inferiorly. This results in a progressive separation of both tables of the frontal bone, resorption of the diploë and formation of the FS cavities [11] .
Function
Currently, the insight into the biological and functional significance of the paranasal sinuses is speculative rather than known. It has been suggested that the FS contributes to the ventilation and air-conditioning (heating and humidifying the inspired air), the increase in the olfactory membrane area, the lightening of the skull, voice resonance, protection and thermal insulation of the cerebrum and orbits, shock absorption, an adjustment to the growth and development of the cranium. Finally, the FS has been supposed to be an evolutionary residual space [25, 26] .
Factors affecting the FS development and morphology
The factors modifying the FS development and morphology are heterogeneous and are of genetic, environmental or pathological origin. Factors related to the final shaping of the FS and responsible for the wide variations are supposed to be a craniofacial configuration, frontal bone thickness, extent of the supraorbital ridges [27] , hormonal growth factors, metopism, [11] , sex [28, 29] , cranial indices and ancestry [30] , climatic factors [26, 28, 31] , a varying degree of resorption of the diploë, an ambient air pressure and breathing [32] . According to Arnaud et al. [33] , both craniofacial configuration and frontal bone width related to the intracranial pressure influence the frontal pneumatization. Heterogeneous pathological condition such as trauma, infection, tumors, mucoceles and various congenital disorders have also been reported as factors affecting the frontal sinus size and morphology in a different way [11] .
FS aplasia
The FS is topographically ethmoidal before it becomes a frontal through pneumatization of the frontal bone, and in this way, it is conspicuously present at birth in all cases [2] . A total agenesis of the FS or the lack of any pneumatization of the frontal bone in healthy adults is very rare [2, 21] . The FS aplasia has been reported to vary from 0.7 to 62% in different population groups [4, 21, 23, 28, 31, [34] [35] [36] [37] [38] [39] . The unilateral aplasia of the FS has been found to be more common than the considerably rarer bilateral one [4, 21, 40] . The side prevalence varies in different population groups, but right-sided aplasia seems to be more frequent [4, 8, 21] . There have also been reported cases of agenetic FS, where the contralateral sinus expands and crosses the midline towards the agenetic side and mimics the presence of bilateral frontal sinuses [41] . Sex differences in the frequency of the FS aplasia have been established as well and it tends to be more common in females [21, 35, 38] .
Relation between FS development and definite pathological conditions
Abnormal pneumatization of the FS has been a concomitant finding in a number of heterogeneous disorders. It has been noted that in patients with cerebral hypoplasia, the FS is larger in size while in hypoplasia of the midface, it is smaller [11] .
FS hyperpneumatization
The etiology of an excessive sinus aeration and growth resulting in a condition known as "pneumosinus dilatans" is unclear [42] . Pneumosinus dilatans is a generalized or partial enlargement of the paranasal sinuses containing only air. Pneumosinus dilatans occurs as an idiopathic disorder as well as in association with other disorders, including cerebral hemiatrophy [19] . Furthermore, the extreme sinus pneumatization has been associated with heterogeneous disorders such as osteogenesis imperfecta tarda, Turner syndrome, Klinefelter syndrome and acromegaly [11] .
FS underdevelopment
The FS underdevelopment usually occurs in patients with craniofacial abnormalities. There are many congenital disorders characterized by an underdevelopment of the nasomaxillary Challenging Issues on Paranasal Sinusescomplex. According to Shapiro and Schorr [11] , the hypoplasia of the midface blocks one of the major stimuli for the FS pneumatization, i.e. the need to provide a structural bridge between the cranium and the face. Such disorders like Hajdu-Cheney syndrome, cleidocranial dysostosis and pyknodysostosis exhibit diminished pneumatization of the FS [11, 43] and also feature a preservation of the MS [15] [16] [17] . Aplasia/hypoplasia of the FS has also been associated with Down syndrome, Apert syndrome, maxillofacial dysplasia, osteodysplasia (Melnick-Needles), Treacher-Collins syndrome [11] , cystic fibrosis [44] , etc.
FS in forensic medicine for identification in medico-legal cases
The FS has been considered to be unique in each person [45, 46] . Its shape differs significantly even in monozygotic twins [47] . Being an internal skull structure between the plates of the frontal bone, the FS is well protected from injuries and taphonomic processes. Thus, due to its uniqueness, relatively constant morphology, protected location and frequent radiological documentation, the FS is particularly useful for the identification of human remains [48] [49] [50] [51] [52] . The FS has also been used as a feature for sex prediction [53] .
Neurosurgery and endoscopic surgery
The FS morphology has an impact in neurosurgical and endoscopic nasal interventions because of its proximity to the orbit and the anterior cranial base [41, 54] . The possibility to identify the internally located FS through superficial anatomical landmarks is essential for neurosurgery to avoid injury of the FS during intervention, which could lead to postoperative complications [54] .
Methods for FS investigation
As an internal skull structure, the FS has been investigated using different destructive and non-destructive methods with specific advantages and shortcomings which are briefly considered. It has to be noted that when comparing data of the FS agenesis, development, morphology and morphometry, the examining techniques and equipment should be carefully taken into account.
Destructive methods
The FS has been investigated directly through sectioning of dry macerated skulls [7, 55] or by cadaveric dissections [2, 41, 54, 56] . These approaches are applicable for FS investigation on osteological material and in forensic aspect in medico-legal cases.
Non-destructive methods

Transillumination
It is the technique of illumination by the transmission of light through a sample/body part. Transillimination of the FS with electric lamp and permanent mapping of its outlines by drawing of the illuminated area with a pencil has been used for FS investigation and measurement in healthy living persons, patients with chronic suppuration, cadavers and macerated skulls in the beginning of the twentieth century [21] . The method has many limitations and is not widely used thereafter.
Radiological investigation
With the discovery of the X-rays in 1895 by Wilhelm Röntgen and the subsequent fast development of the radiography, computed tomography (CT) and their application in the clinical practice, the non-invasive diagnostic has been significantly improved. Radiography (projectional radiography) is an imaging technique using X-rays to visualize the internal structure of an object. Basically, a beam of X-rays, produced by an X-ray generator, is transmitted through the specimen. The X-rays are absorbed in different amounts by the object they pass through, depending on its density and composition. The unabsorbed X-rays, passed through the object, are recorded on an X-ray sensitive film or a digital detector. The first radiographic signs of FS development are detected between the ages of 4 and 11, with an average of 8.3 years [57] . It is well known that the investigation of a complex 3D structure like FS on 2D radiographs has some inherent limitations. The superimposition of anatomical structures beyond the plain of interest complicates the interpretation of the FS morphology. Furthermore, the estimation of the FS depth, area and volume is complicated and rude [50] . In radiograph-based measurements of the FS, the magnification, positioning and angulation of the skull are crucial for a reliable morphometry [4, 58] . Therefore, in radiographic FS investigations, a definite head/skull orientation is indispensable. Caldwell's view is recommendable, since it provides the clearest FS silhouette and the least chance for error in the interpretation [22] . In Caldwell's view, the skull is inclined 20° from the Frankfurt horizontal plane (FH), the one determined by both landmarks of porion and the left orbitale. An inclination of 45° from the FH or the so-called Waters' view is also acceptable, but a little bit incorrect for FS measurements [58] . On the plain radiography, the orbital pneumatization is hardly recognizable and is commonly reported as FS aplasia, which unavoidably increases the frequency of FS agenesis [30] . Conventional plain radiography has been widely used for FS investigation due to its accessibility. Until now, the conventional plain radiography has been used as a frequent method for diagnostic imaging and documentation of the head including the dentition. Thus, many investigations of the FS in different contexts have been carried out on such datasets of patients' archives. The conventional plain radiography has also been purposefully used for FS investigation on osteological material [26, 30] . In digital radiography, the X-ray film/plaque is replaced by a digital X-ray detector. Digital radiography performed on industrial CT systems has been termed an industrial digital radiography. Its application as a modality for FS investigation and morphometry in dry skulls has been discussed by Nikolova et al. [4, 14, 58] . Industrial digital radiography allows a precise orientation at the appropriated position, a real-time inspection with optimal X-ray parameters and storage of the captured projections in image file formats. The high resolution of the flat panel detector ensures perfect image quality, precise scaling of the pixel size and reliable readings of the linear FS measurements (Figure 1). 
Volumetric imaging (3D)
It has many advantages and enables the examination of the inner structure of the scanned object into the three orthogonal plains. The volumetric imaging allows the selection of a definite structure as a "region of interest" and its further segmentation. After segmentation, Challenging Issues on Paranasal Sinusesa representation of the FS cavities could be generated as a separate 3D object, the so-called virtual endocast (Figure 2) . The virtual endocasts ensure precise metric analyses, storage and further verification of the obtained results, as well as visualization of the real object by 3D printing (Figure 3) . However, both the resolution and segmentation algorithm are essential for the endocasts reliability (Figure 4) . In principle, medical and industrial CT systems use different scanning process and algorithms for the calculation and reconstruction of the volume of the object. Both types of CT systems have their advantages and limitations. For instance, medical CT systems are able to perform fast scan of a large object such as the human body. Limitations are the short exposure time with minimal radiation doses; hence, the images have relatively low resolution. On the other hand, the diagnostic imaging of patients enables the accumulation of large databases which could be used for various investigations on the contemporary populations. Industrial μCT systems are highly versatile and generate images with a high resolution, which allow qualitative observation [59] and quantitative calculation of stereological parameters and degree of anisotropy for porous materials like bone tissue directly from the datasets [60] . Besides, the virtual endocasts of the FS generated from μCT data are very reliable. However, the dimensions of the scan object are too limited, the generated files are large and the modality is entirely inapplicable in vivo. 
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Metopic suture, metopic craniosynostosis and metopism, definitions and causative factors
The MS is considered an anterior continuation of the sagittal suture. It runs from nasion to the anterior border of the anterior fontanelle and is responsible for the growth of the anterior part of the calvaria in width. During the fetal life, the frontal bones undergo intramembranous ossification from a single primary centre located in each halve. The halves are separated by the sutural space [61] . At the ninth gestational week, a small ossification centre is visible in the middle of each supraorbital part of the frontal bones, and subsequently the ossification spreads. The frontal bones reach the midline at the nasal area at the 11th gestational week. The gap between the two frontal bones in the midline starts closing from the nasal region at around the 16th intrauterine week and moves superiorly towards the anterior fontanelle by the 28th week. At the 32nd week of gestation, there is apparent closure of the MS at the supranasal region, and subsequently, the closure moves superiorly towards the anterior fontanelle [62] .
The metopic sutural area, i.e. the adjacent frontal bone edges along with the intervening soft tissues, tends to have a simple "butt-ended" appearance. The interdigitation is a secondary response to imposed biomechanical extrinsic forces [63] and does not follow any special pattern [61] , but its widespread presence suggests that the suture is under increased biomechanical stimulation [64] . Some of the interdigitations are united by thin bridges of chondroid tissue which pass through the sutural space, constituting the first microscopic sign of frontal fusion [61] . The location of the fusion point is not invariably endocranial as it is in rats [65] , but is sparse and randomly distributed [61] .
The MS is the first one to close physiologically as its fusion is a progressive process initiated at the nasion and completed at the anterior fontanelle [62, 66, 67] . The completion of normal fusion occurs between 2 and 14 months in 95% of the normal population with an estimated average age of completion at 8.24 months [68] . After the initiation at an average of 5 months, the process of fusion takes approximately 3-4 months to complete. Furthermore, when the fusion process starts at a younger age, it takes less time to complete [68] . However, the MS has been reported to remain patent up to the seventh year [69] .
Premature closure of the MS, metopic craniosynostosis, results in a growth restriction of the frontal bones which leads to a skull deformation known as trigonocephaly [70] . The epidemiology of metopic synostosis has been reported to be 1:5200 newborns, and it is the second most frequently seen type of isolated craniosynostosis after the sagittal one [70] . The etiology of metopic synostosis is multifactorial and has been supposed to be related to intrinsic bone malformation occurred either by genetic, metabolic, or pharmaceutical means [70] . According to Moss [1] , the calvaria, dura and cranial base form a single biomechanical entity, and a primary malformation of the cranial base produces abnormal forces within its attached dural fiber tracts, which, in turn, produces premature cranial synostosis. In this sense, the observed neurocranial deformation is the final result. Premature synostosis of the MS, for instance, has been found to be a frequent characteristic of the cleft-palate skull. A cranial base malformation (dysostosis sphenoidalis) was a primary morphological event associated with orofacial clefting. This condition, characterized by a strong basal kyphosis, sets up abnormal tensile condition in the falx cerebri, resulting in the fusion of the overlaying suture [71] . A reported case of trigonocephaly with open MS also suggests that the primary cause is not the MS synostosis, but rather it is a consequence and the underlying cause could be an intrinsic malformation such as hypoplasia of the frontal lobes, which thus require only limited space in the anterior cranial fossa [72] . Furthermore, it has experimentally been established that the normal endocranial fusion of the posterior portion of the MS is well correlated with the structural alterations in the falx cerebri. In rats, normal metopic fusion was inhibited when the underlying dural (falx cerebri) fibre tract was separated from the overlying sutural area. Conversely, periosteal stripping was followed by synostosis of calvarial sutures that normally are patent throughout life [1] .
Failed fusion of the MS leads to a condition known as metopism. In such cases, the MS runs from nasion to bregma, the intersection of sagittal and coronal sutures ( Figure 5) . It is
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reported that the preserved MS ranges from 0.8 up to 15% in different population groups [14, [73] [74] [75] [76] [77] [78] [79] . The persistence of the MS in adults is not reported to cause any abnormalities by itself. However, it has been found as a concomitant finding in numerous disorders [16, 80] . Among the causative factors for metopism are considered to be stenocrotaphy, plagiocephaly, brachycephaly, encephalic pressure, diminution of muscular pressure, endocrine dysfunction, atavism, heredity and heredo-specific factors [81] , an abnormal growth of the cranial bones, hydrocephaly, growth retardation, sexual influence, scaphocephaly and mechanical causes [82] .
It has already been established that metopic skulls possess specific distinctive configuration of the neurocranium characterized by a broad forehead with greater inter-frontal and inter-orbital breadths [4, 81, [83] [84] [85] , as well as a greater frontal curvature [75] . The metopic skulls attain a given capacity by a greater expansion in the forward direction and a smaller development in the hinder part of the vault. Therefore, the metopism could not be explained merely by a supposed expansion of the frontal lobes and namely the prefrontal cortex, but rather as an adjustment of the braincase as a whole to its contents [83] . Furthermore, despite the close developmental interrelation between the neuro-and Relation between Metopic Suture Persistence and Frontal Sinus Development http://dx.doi.org/10.5772/intechopen.79376basicranium, the preservation of the MS along with a specific construction of the neurocranium was not found to be related to an alteration in the cranial base expressed by cranial base angle [86] . All this suggests that the metopism is not related to a primary cranial base deformation.
The neurocranial capsule responds secondarily to the primary expansion of the neural mass, consisting of brain, leptomeninges and cerebrospinal fluid, by passive translation of the bones outwards [1] . Hyper-and hypovolumetric growth of the neural mass volume is the primary etiological factor in macro-and microcephaly, respectively. That the volume alone is responsible is well demonstrated by the essentially normal neurocranial sizes and shapes of hydranencephaly [1, 18] . Consequently, the MS persistence is not responsible for the distinctive skull configuration, but rather is an expression of the underlying neural mass specific demands.
Metopic suture persistence and frontal sinus development
It has been suggested that the MS preservation suppresses the FS development [27, 40] . A possible explanation has been supposed to be the simultaneous FS development along with the frontal bone growth, most probably with a feedback regulating mechanism. Thus, if the frontal bones fail to fuse, the MS persists and the pneumatization of the frontal sinuses could be retarded or entirely suppressed [32] . Another suggestion is that the MS does not inhibit the FS development itself, but rather the accumulation of both features in nonsyndromic individuals is an expression or an aftereffect of a certain condition during the early development [4] . It is known that the craniosynostosis results in an underdevelopment of the FS due to the increased intracranial pressure (ICP) that hinders pneumatization of the sinuses [87, 88] , since the FS development is an inverse ratio to the ICP [89] . However, a surgical enlargement of the neurocranium with an adequate stabilization leads to a decrease in the pressure on the inner frontal cortex; thereafter, the FS pneumatization proceeds normally [88] . Nevertheless, the FS pneumatization seems to depend on the craniosynostosis and on the type of surgery performed [33] . According to McCarthy et al. [87] , the frontoorbital advancement appears to have the detrimental effect on FS development, whereas the strip craniectomy procedures do not. It has been speculated that the path of the ethmoid pneumatization into the FS is interrupted by the saw cut, the gap or defect resulting from the advancement/displacement of the supraorbital bar, as well as residual bone formation. Contrarily, Locher et al. [88] stated that following bilateral fronto-orbital advancement, a nearly regular FS development is possible, with the exception perhaps of the severe cases of Crouzon syndrome. Notwithstanding, if the FS developed after the surgical intervention, it is often located in the roof of the orbits [33] .
Besides craniosynostosis, the elevation of the ICP could be a consequence of many other heterogeneous conditions such as haematoma, neoplasm, trauma, seizure, hydrocephalus, meningitis, etc. [90] , and most of them are not associated with a distortion of the skull configuration. In newborns and infants, the main signs of acute and chronic elevation of ICP are suture diastasis (mainly coronal and metopic) and bulging of the anterior fontanelle [90] . The excessive head growth is a major feature for an increased ICP until the age of 3 years since the expansion of the skull volume allows partial venting of the increased pressure [91] . Nonetheless, the normal head growth does not preclude the presence of an increased ICP, as the rate of the pressure increase is also important, because the intracranial structures accommodate remarkably well to slowly increasing pressure, while sudden changes are intolerable and result in definite symptoms [91] .
The metopism has been supposed to be related with the hypofunction of the thymus inducing a condition of prolonged infantilism, which finds expression in the persistence of the MS. Another suggestion is that the hypopituitarism has been concerned in the MS persistence. Both the hypofunction of thymus and pituitary glands independently result in a retardation of bone growth similar to that in rickets, with a marked deficiency in the normal processes of ossification and a tendency for arrested suture obliteration [81] . The iron deficiency anemia (IDA) is a common type of anemia, which has been reported to be associated with an impaired thymus function [92] and a well-known consequence of hypopituitarism [93] . The IDA has been identified as one of the risk factors for vitamin D deficiency in some populations [94] . Patients with IDA have been reported to feature MS preservation [95] . Furthermore, due to the overgrowing red marrow, the severe IDA causes skull thickening, which in turn involves FS underdevelopment [11, 96] . The IDA has also been associated with an increased ICP [97, 98] . The intracranial hypertension has been supposed to be a possible underlying cause for MS persistence along with the FS underdevelopment [4, 59] .
The MS preservations, a delayed closure of the anterior fontanelle and wormian bone formation have been found to be common in patients with Down's syndrome [99] . Underdeveloped FS is also typical of the DS [43] . In patients with DS, the thymus function has been significantly impaired [100] ; however, it is still unclear whether or not the short stature in DS involves pituitary hypofunction due to the suboptimal production of the growth hormone, or rather involves hypothalamic dysfunction [101, 102] . Interestingly, the IDA is a frequent condition in DS [103] .
It could be seen that the persistent MS along with FS underdevelopment and other common symptoms are typical of heterogeneous disorders like DS and IDA, and both conditions involve or are due to an iron deficiency. The iron deficiency is a widespread nutritional disorder in infants, children and women of reproductive age. It has already been suggested that the metopism probably is caused by impairment of the ossification process due to a nutritional deficiency and more exactly the lack of calcium. This suggestion has been based on the assumption that the metopism has been more prevalent in the medieval than today, in populations with a low life expectancy and among women who have become pregnant and have given birth immaturely [104] . Bearing in mind the symptoms and consequences of IDA, it seems reasonable to suggest that the MS preservation along with the FS underdevelopment could be an expression or aftereffect of nutritional deficiency and more exactly the iron deficiency during early development. This suggestion could be verified through a purposeful monitoring and longitudinal study of patients with confirmed IDA.
Conclusion
The peculiar to the metopic skulls frontal bone configuration is rather an expression of the underlying neural mass demands than a consequence of the MS persistence. Moreover, the persistent MS is frequently associated with FS underdevelopment. It is reasonable to suggest that the MS does not inhibit the frontal sinus pneumatization itself, but rather both traits are expression or aftereffect of a certain condition during the early development.
